el-s and IZ complex (or-and-invert) gates, each with n inputs. The strobed comparator ensures that one and only one of the nodes A,-A, has a high potential during the latch phase. If the potential of any of the nodes A,-A,, crosses the inverter's threshold, the corresponding output is forced high, and all the other outputs are reset low. The cross-coupled complex gates latch this state during the whole time that the nodes A,-A,, are reset to ground. This architecture ensures that one and only one of the outputs Q,-Q, will be valid high, and that output corresponds to the highest input value in the previous compare phase.
+2.4 -2.2
Experimentul results: An experimental five-input prototype was fabricated using the ORBIT 2pm CMOS process and the transistor sizes shown in Table 1 . The photomicrograph of the five-input prototype is shown in Fig. 4 . Special attention was accorded to the routing and the parasitic elements at the active nodes A,-A,. The total active silicon area is 300 x 2 8 0~~.
Vosj, mV +3.4
+3.6 +0.8 Table 1 : Transistor sizes for the 5-input prototype I Device Table 2 lists the measured offsets at a 20% output duty factor for three fabricated samples at a clock frequency of 1MHz. The bias current was set to 50p4, which allows a maximum operating frequency of 10MHz. Above 12MHz the input offsets degrade rapidly with increasing clock frequency.
Conclusions:
A new circuit technique for a multi-input strobed comparator has been described in this Letter. The architecture combines a cross-coupled 'winner takes all' circuit with a multiple input digital latch, and it can easily be generalised to other strobed comparator configurations. (CCFLs) is investigated theoretically and experimentally. This new topology successfully solves the uneven sensitivity of dimming control, and the problem of uneven illumination in a two-lamp system. In particular, the circuit i s simple. has a low component count and is highly efficient.
Introduction: CCFLs are commonly used to provide backlight illumination for liquid crystal displays (LCDs), which are widely used in notebook computers. At present, the current-fed push-pull parallel-resonant inverter is the most popular circuit for driving CCFLs [l] and the dimming capability is accomplished by adding a buck converter [2, 31. Fig. 1 shows this circuit. However, there are annoying problems associated with this circuit. In most applications, long cables connect the driver circuits to the CCFLs. For EM1 suppression, the LCDs are always covered with conductive coatings which are connected to the system grounds, so significant parasitic capacitances exist between the long cables and the system grounds. Because the primary and secondary grounds are connected together in the circuit of Fig. 1 (the primary ground is always a system ground because the power source uses the system ground as reference), the parasitic capacitances cause very significant leakage currents, normally comparable to the lamp current, to flow to the system ground. Therefore, the current flowing through the sensing resistor R, in Fig. 1 cannot accurately represent the lamp current. T h s results in poor efficiency and uneven sensitivity in dimming control. Also, the unbalanced distributions of parasitic capacitances will lead to the problem of uneven illumination if this circuit is used to drive an LCD with two lamps. In this Letter, we describe a new primary-side dimming control driver which can circumvent the problems mentioned above. This topology was selected because of its simplicity, low price, high efficiency, small size, even sensitive dimming control, and even illumination control in a two-lamp system.
Primary-side dimming control driver circuit: Fig. 2 shows the primary-side dimming control driver circuit. The secondary ground is naturally separated from the primary system ground, which cuts off the leakage currents flowing through the parasitic capacitances. Therefore, this proposed topology can solve the uneven sensitivity of dimming control, and enable uneven illumination in a two-lamp system to be avoided.
Lamp illumination is roughly proportional to lamp current [3] so dimming control is carried out by feeding back the lamp current as shown in Fig. l . Notice that all the inductor current i , flows through R1 in Fig. 2 . If iL is proportional to the lamp current, then dimming control can be accomplished by sensing the current through sensing resistor R1.
v,
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Relationship between iR, and i,omp: In Fig. 2, if we assume the inductor current i, to be a DC current I, I, = l2 = I, and the CCFL is a resistive load RL [4], then:
(1) When switch Q2 is ON and the switch QI is OFF, the equivalent circuit of the resonant circuit is shown in Fig. 3a (2) When switch Ql is ON and switch Q2 is OFF, the equivalent circuit of the parallel-resonant inverter is shown in Fig. 3b, and 
the final solution to i4 is i 4 = I ( 4 1 /~) (~2 + w z ) e -~( t -~/ . 2 )
~inw(t-T/2)/(w(I-e-'~)) (6) From Fig. 3a , the voltage of point A is equal to vJ2 and v, is positive during this half cycle. From Fig. 3b the voltage of point A is equal to -vj2 and v, is negative during this half cycle. So, vA is given by i4 = I(4Z/R)(a2 +~~) e -"~s i n w t / ( w ( l -e-at)) (5)
( 7 )
Since the voltage-time product of the inductor must be balanced in one cycle, the following equation is valid:
The voltage at point B is dv, ( d is the duty cycle of Buck switching). Using eqns. 5 -8, the variable I (which is equal to ini) can be found as follows:
It can be seen from eqns. 1 and 2 that the lamp current is equal to (N, /NJi4 and is a periodic waveform with period of T. Therefore the RMS current is across R1 without having to use rectifiers or filters. For the conventional circuit, the lamp current has to be rectified and filtered before it is fed back which could result in instability. Secondly, the primary-side dimming control driver does not require a photocoupler to isolate the secondary-side. Experimental verification: A primary-side dimming control driver circuit was implemented, and some results are given in Table 1 . Notice that the lamp illumination is roughly proportional to in', and iRl is linearly controlled by K.,. Lamp illumination against Kef characteristics is shown in Fig. 4 . Using eqns. 5 and 6 for I, in eqn. 10: Notice that the lamp current is proportional to iR, (I = iRl), and iRI is proportional to the duty cycle of Buck switching, so dimming control can be accomplished by linearly changing vet
Additional advantages o j primary-side dimming control: The primary-side dimming control driver circuit possesses two other advantages. First, its closed loop feedback is stabler than that of the conventional circuit in Fig. 1 . This is because the duty cycle of Buck switching is controlled by directly feeding back the voltage
